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Supplemental Methods & Legends 



High-Throughput Screen 

GFP-ATF2Tet-Off UACC903 cells were expanded in the presence of doxycycline to inhibit the 

expression of GFP-ATF2, frozen in aliquots, and stored in liquid nitrogen. For use in screens, the 

cells were thawed and cultured for 24 h before harvesting by trypsinization. The cells were 

washed, resuspended in doxycycline-free medium, and dispensed into 384-well plates (black with 

optically clear bottom, Greiner Bio One) at 1 × 103 cells/well using a Matrix WellMate 

microplate dispenser (Thermo Scientific). After incubation at 37°C for 24 h, the indicated 

compounds were dissolved in DMSO and added to the wells using an Echo555 acoustic dispenser 

(Labcyte) at a final compound concentration of 10 µM and 0.1% DMSO. The plates were 

incubated overnight at 37°C. The cells were then fixed in situ with 4% formaldehyde, washed 

using a MAP-C2 plate washer (Titertek), and the fluorescent dye DAPI (LifeTechnologies) was 

added at a final concentration of 0.1 µg/ml to stain nuclei. Six fields per well were imaged using 

an Opera QEHS high content screening system (PerkinElmer) with a 20x (0.45 NA) ELWD 

objective. Two channels were acquired sequentially using a 488 nm laser excitation line with a 

540/75 nm emission filter for GFP-ATF2 and a 365 nm Xenon lamp excitation source with a 

450/50 nm emission filter for DAPI. Images were analyzed using Acapella software 

(PerkinElmer) to delineate nuclear and cytoplasmic regions, create GFP-positive cell sub-

populations, quantify GFP fluorescence in the subcellular compartments, and to determine cell 

counts per well (Supplementary Fig. S1). Using Screener Assay Analyzer software (Genedata), 

activity values were calculated for each well based on the ratio of mean nuclear over mean 

cytoplasmic GFP intensity and normalized to the positive controls (100% corresponding to 10 uM 

Gö6850) and negative controls (0% corresponding to 0.1% DMSO vehicle only). The GFP 

intensities for the cellular compartments as well as for the whole cell were normalized using Z-

scores based on the negative controls. Since Gö6850 is autofluorescent in the red channel, the 

assay was designed away from the autoflurescent wavelength by using green secondary 



antibodies and emission filters that would minimize the autofluorescence of the Gö6850 

compound.  

Measurements of Mitochondrial Membrane Potential and Mass 

Cells were treated as indicated in the figure legend (Supplementary Fig. S5) and then pulse-

labeled for 20 min with either 250 nM tetramethylrhodamine ethyl ester (TMRE; Invitrogen) to 

measure mitochondrial membrane potential, or with 10 nM nonyl acridine orange (NAO; 

Invitrogen) to measure mitochondrial mass. After labeling, the cells were washed once with PBS, 

harvested by trypsinization, and resuspended in 150 nM TMRE or 5 nM NAO. The cells were 

immediately analyzed by FACS (n = 10,000 cells per replicate) and the data were subsequently 

processed using FlowJo software (TreeStar, Inc., Ashland, OR). The results are shown as the 

mean TMRE/NAO ratios ± SD from 3 experiments.  

 

Colony Formation and 3D Culture Assays 

For colony formation assays, cells were plated in triplicate at 500 cells/well in 6-well plates and 

grown for 16 h before the compounds were added for 1-2 weeks, depending on the cell line. The 

colonies were fixed by the addition of 4% formaldehyde for 30 min and then stained with crystal 

violet (0.5% in 25% methanol) for 10 min. The plates were rinsed with water and colonies (>50 

cells per clone) were counted. The efficiency of colony formation was calculated relative to the 

number of colonies in control (DMSO)-treated wells. For the 3D culture assay, UACC903 or 

SW1 cells were induced to form spheroids via a hanging drop method (1). The cells were plated 

at 200 cells per well (20 µl) in a Nunc-60 well microwell MiniTray. The trays were covered, 

inverted, and incubated at 37°C in a humidified 5% CO2 incubator for 5 days. The spheroids from 

wells containing one spheroid were transferred into a 48-well plate coated with 1% low melting 

point agarose. DMSO or compounds were added and spheroid images were obtained every 48 h 

for 8 days, using an Olympus IX-71 microscope equipped with a camera. The diameters of the 



spheroids were measured using SlideBook software and were subsequently used to calculate 

spheroid volumes. 

 

Cell Viability and Cytotoxicity Assays 

To asses the effect of the compounds on cell viability, the cells were seeded at 7 × 103 

cells/well in 96-well plates or at 1 × 103 cells/well in 384-well plates and incubated overnight. 

The indicated compounds were then added, and the plates were incubated further for 72 h. Cell 

viability was determined using the CellTiter-Blue reagent (Promega), according to the 

manufacturer’s protocol. The results shown represent the mean values ± S.D of triplicate wells. 

The cytotoxicity of the compounds was assessed based on Caspase 3/7 activation and the effects 

of the compounds on cell viability were assessed using the MultiTox-Fluor multiplex assay 

(Promega), according to manufacturer’s protocol. 

 

Cell Migration Assay 

Migration assays were performed using Corning’s 24-well Transwell® plates containing 

polycarbonate membranes with 8 µm pores (Costar Corp., Cambridge, MA) according to the 

manufacturer’s protocol. Briefly, the cells were pre-treated with DMSO or with hit compounds 

for 2 h, then collected and counted. Cells (1 x 105) in 100 µl serum free DMEM containing 1 mM 

sodium pyruvate and 0.25% fatty acid-free BSA and DMSO or hit compounds (10 µM) were 

added into the top of each well; the bottom of each well contained medium with 10% FBS. The 

cells were allowed to migrate for 4 h at 37°C and subsequently collected from each well and the 

bottom of each filter, stained with Calcein AM, and measured using a fluorescent plate-reader. 

The number of cells in each sample was determined based on a standard curve. Alternatively, the 

cells were allowed to migrate for 16 h and microscopic images of each well bottom were acquired 

and used to assess migration. 



Cell death and cell cycle FACS analysis 

Cells were treated as indicated, harvested and stained for 20 min with Annexin V and 

propidium iodide (PI) using the BioVision Annexin V-FITC kit (BioVision, San Francisco, CA). 

The cells were immediately analyzed by FACS (n = 10,000 cells per replicate), and the data were 

subsequently processed using FlowJo software (TreeStar, Inc., Ashland, OR). The results shown 

represent the mean % Annexin V+/PI+ cells ± SD from 3 experiments.  

For cell cycle analysis, floating and adherent cells were harvested, washed in PBS, fixed in 

70% ethanol in PBS, washed with PBS, and stained with PI (50 µg/ml final concentration) 

containing RNAse A (0.1 mg/ml) and analyzed by FACS (n = 10,000 cells in replicates). 

 

Cell Fractionation and PKC Translocation Assays 
 

For subcellular fractionation, the treated cells were washed once with PBS and harvested by 

gentle scraping. The cells were pelleted by centrifugation and washed (resuspended and pelleted) 

once with 3 ml isotonic mitochondrial isolation buffer (IMIB: 5 mM HEPES/4.3 mM MgCl2/1 

mM EGTA/250 mM sucrose, adjusted to pH 7.4 with KOH, plus 1mM DTT, and protease and 

phosphatase inhibitors). After the first IMIB wash, the cell pellets were resuspended in 500 µl 

IMIB and set on ice for 1 min. Fifteen microliters of the suspension were reserved for whole cell 

lysate. The remaining 485 µl of cells were subjected to dounce homogenization on ice (~60 

strokes with 1 turn of the pestle per stroke in a 2 ml Kontes dounce homogenizer). Efficient 

plasma membrane disruption (≥ 90%) was monitored by bright field microscopy and trypan blue 

staining. The resulting homogenates were centrifuged at 200 g at 4ºC for 5 min. The resulting 

pellets contained nuclei and unbroken cells. The supernatants were transferred to new tubes and 

further centrifuged for 10 min at 200g. The resulting “pre-mitochondria” supernatants were 

transferred to a new tube and centrifuged at 3,300g for 20 min at 4ºC to pellet crude, intact 

mitochondria. The resulting “pre-cytosolic” supernatants were centrifuged at maximum speed 

(12,000-13,000g) for 30 min at 4ºC to obtain the soluble cytosolic fractions. The crude 



mitochondrial pellets were gently resuspended in 150 µl of IMIB and re-centrifuged at 3,300g for 

an additional 15 min to yield pellets of intact mitochondria. The mitochondrial pellets were lysed 

in ~60 µl of 1% Triton X-100 lysis buffer on ice for 20 min (1% Triton X-100, 0.05% CHAPS, 

20 mM Tris pH 7.5, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, protease and 

phosphatase inhibitors). The lysates were sonicated with a microtip sonicator for 5 s (setting 1: ~4 

watt ouput) on ice, pellet by microcentrifugation at 4°C and the resulting supernatants were 

reserved as the mitochondrial fraction. The whole cell lysates and mitochondrial/cytosolic 

fractions were subjected to immunoblot analysis as indicated. 

For the PKC translocation assay, UACC903 or WM793 cells were seeded in 10 cm plates and 

cultured for 24 h in medium containing 10% FBS. The hit compounds or DMSO was added and 

the cells were incubated for another 6 h (SBI-0089410) or 24 h (SBI-0087702). Subsequently, 

TPA (50-200 nM) or vehicle (DMSO) was added to induce PKC translocation, and after 3 min, 

the cells were placed on ice and washed twice with cold PBS. The cells were resuspended in lysis 

buffer (20 mM Tris HCl, pH-7.4, 0.25 M sucrose, 2 mM DTT, 2 mM EGTA, 2 mM EDTA 

supplemented with protease and phosphatase inhibitors cocktails (Roche)), harvested by scraping, 

passed 10 times through a 30 G needle, and verified by microscopy for complete lysis. The 

resulting cell homogenates were centrifuged for 10 min at 1,000g to pellet nuclei and heavy 

membranes (P1). The supernatants were collected and centrifuged at 100,000g for 1 h to yield the 

cytosol (S100) and membrane (P100) fractions. In some cases, the P1 and P100 fractions were 

combined for WB analysis.   

 

Luciferase assays 

UACC903 or WM793 cells were stably transfected with a p3XJun2-Gaussia-(secreted) 

luciferase construct (a 3X Jun2 promoter was cloned into the pMCS Gaussia-Luc vector (Thermo 

Scientific)). When otherwise indicated, instead of p3XJun2-Gaussia, the c-Jun-targeted TRE-

containing p3XTRE-Gaussia luciferase, pGL-heat shock response element (HSRE), and pGL-



androgen receptor (AR) firefly luciferase constructs were transfected, respectively. The stable 

p3XJun2-Gaussia-luciferase-expressing UACC903 cells were further transiently transfected with 

a pCMV-Cypridina luciferase construct (a constitutively CMV promoter-driven secreted 

Cypridina luciferase construct for normalization control). After refreshing the tissue culture 

media, the cells were immediately treated with DMSO, 10 µM SBI-0089410, 10 μM SBI-

0087702, or 10 μM of PKCε inhibitor (Santa Cruz Biotechnology). At 1, 6, and 24 h after initial 

drug treatment, the media samples were collected and measured for Gaussia and Cypridina 

luciferase activity using a standard luminometer. Gaussia luciferase activity values were 

normalized to Cypridina luciferase activity values and were plotted relative to the T0 values, 

which were derived from the media of untransfected cells. The data are representative of 3 

independent experiments. In these assays it was necessary to switch from Gö6850 to a PKCε 

peptide inhibitor, as we noticed an inhibitory effect that Gö6850 appeared to have on the 

normalizing luciferase enzyme activity. For the firefly luciferase constructs, the treated culture 

media was collected for Cypridina luciferase measurements and the cells were lysed according to 

the standard Promega Luciferase Assay System protocols. The firefly luciferase activity values 

were normalized to the Cypridina luciferase values as above.  

 

Gene expression arrays 

RNA was harvested and subjected to microarray analyses using the Illumina Human HT-12 v4 

BeadChip. Raw microarray data were normalized using the lumi package in R (variant stabilizing 

transformation followed by quantile normalization). Variant-stabilized, normalized microarray 

values were sorted by fold-change values and subjected to a 1.5-fold-change cut-off threshold. 

The fold-change-ranked gene list was subjected to gene ontological enriched functional network 

clustering using the Ingenuity (IPA) gene ontology platform. The data were deposited into the 

GEO public dataset GSE43135. 



 

Statistical Methods 

Data in the graphs are presented as the mean values ± standard error of the mean (SEM) or 

standard deviations (SD) for n trials. Statistical analysis was conducted by Student’s t-test using 

95% confidence limits. Specific tests are indicated in the figure legends. 

 
 



Legends to Supplementary Figures  

Supplementary Figure S1. Effect of select compounds on ATF2 nuclear-mitochondrial 

translocation. 

(A) Biochemical fractionation of WM793 cells treated with SBI-0089410 and SBI-0087702. 

WM793 cells treated with DMSO (24 h), 10 µM of SBI-0089410 (6 h), SBI-0087702 (24 h), or 

Gö6850 (24 h) were biochemically fractionated to cytosolic and mitochondrial fractions as 

previously described (2). Whole cell lysates (WCL), cytosolic (CYTO), and mitochondrial 

(MITO) fractions were subjected to immunoblot analyses with the indicated antibodies. (B) Left, 

the histogram depicts the ratios of ATF2:ß-tubulin normalized to total WCL ATF2; Right, the 

histogram depicts ratios of ATF2:VDAC1 normalized to total WCL ATF2, indicating the levels 

of cytoplamic or mitochondrial ATF2, respectively. The ratios were derived from the 

densitometric values of the western blot bands as measured using ImageJ (NIH). (C) Treatment of 

UACC903 cells with SBI-0089410 or SBI-0087702 does not affect the subcellular localization of 

p53. Coverslip-grown UACC903 cells were treated with DMSO (24 h), 10 µM SBI-0089410 (6 

h) or SBI-0087702 (24 h), 10 µM Gö6850 (24 h), or 0.8 mM H2O2 (6 h). Primary p53 or HSP60 

antibodies were applied at 1:500 dilution for immunofluorescence (IF) staining overnight at 40°C. 

IF staining and microscopy methods are described in the Methods section. Arrowheads indicate 

cells with cytoplasmic p53. Scale bar = 10 µm. 

 

Supplementary Figure S2. SBI-0089410 or SBI-0087702 do not affect the subcellular 

localization of Stat3 or ß-catenin. 

Coverslip-grown WM793 cells were treated either with DMSO (for 24 h) or under conditions that 

induce ATF2 translocation: 10 μM SBI-0089410 (6 h) or SBI-0087702 (24 h). The primary rabbit 

anti-Stat3 IgG (1:100) together with mouse anti-HSP60 IgG (1:500) (upper panels) or rabbit anti-

Cox IV IgG (1:500) with mouse anti-ß-catenin IgG (1:250) were applied for IF staining overnight 



at 40°C. IF staining and microscopy methods used are described in the Experimental Procedures 

section. Insets showing enlarged view (x1.7) of boxed areas.  

Scale bar = 20 μm. 

 

Supplementary Figure S3. The expression of ATF252E attenuates apoptosis induced by SBI-

0089410 or SBI-0087702. 

(A) Representative Annexin-V- and propidium iodide (PI)-stained FACS profiles of WM1346 

melanoma cells stably expressing empty vector (EV) ATF252E after treatment with DMSO, 10 

µM SBI-0087702 for 24 h, or with 20 µM SBI-0089402 for 6 h. N = 10,000 cells per sample. (B) 

The histogram represents the data from the experiments in panel A. (C) Fold-increase in 

apoptosis following treatment with 10 µM SBI-0087702 for 24 h, 10 µM SBI-0089402 for 6 h, 

DMSO, or with etoposide was assessed in WM1346 cells stably expressing EV or ATF252E by 

measuring Caspase 3/7 activity and cell viability using the MultiTox-Fluor multiplex assay 

(Promega) as described in the Materials and Methods section. (D) UACC903, WM793 and 

WM1346 melanoma cell lines as well as normal foreskin fibroblasts (BJ) and primary human 

melanocytes (melano.) were incubated with SBI-0089410 or SBI-0087702 (20 µM) for 8 h. 

Apoptosis (Caspase 3/7 activation) was measured using Promega ApoLive-Glo Multiplex Assay 

(Promega) according to manufacturer protocol. Apoptosis for each cell line is relative to 

apoptosis in vehicle (DMSO) treated cells. (E) Analysis of DNA content as an indicator of cell 

cycle profile in WM1346 cells following treatment with 10 µM SBI-0087702 for 24 h, 10 µM 

SBI-0089402 for 6 h, DMSO, or with etoposide revealed that SBI-0089410 (10 µM, 6 h) 

increased the G2/M phase population, whereas SBI-0087702 (10 µM, 24 h) induced cell death 

and a slight G2/M phase reduction.  

 

Supplementary Figure S4. SBI-0089410 or SBI-0087702-induced inhibition of cell motility and 

cell death are reversed by the stable expression of ATF252E. 



(A) Microscopic phase contrast images showing representative fields of WM1346 cell lines stably 

expressing phosphomimic ATF2 mutant (ATF252E) or empty vector (EV) following treatment 

with the indicated hit compounds. Hit compounds induced death of WM1346 EV cells (yellow 

arrowheads), whereas WM1346 ATF252E cells were less affected (panels I-VI; 10x air objective; 

NA = 0.3; scale bar = 50 µm). Note that the expression of ATF252E caused smaller and rounder 

cell morphology (panels VII & VIII; 40x air objective; NA = 0.9; scale bar = 10 µm). (B) 

Representative phase-contrast images demonstrating the effects of ATF2 52E expression and 

SBI-0089410 treatment on cellular migration. The cells were allowed to migrate for 16 h and 

images of the bottom of the wells were obtained using SlideBook software. Each condition was 

tested in triplicate wells. Scale bar = 200 µm. (C) The effect of hit compounds on the viability of 

melanoma cell lines (UACC903 and WM793), immortilized human melanocytes (H3A) and 

immortilized human keratinocytes (HaCaT cells). Five hundred cells were plated in 50 µl 

medium into each well of 384-well plate and cells were allowed to attached. SBI-0089410, SBI-

0087702, or DMSO were added to the indicated final concentration (2.5-40 µM) at time 0, 24 h 

and 48 h, and cell viability was measured after 72 h using ATPlite reagent protocol (Perkin-

Elmer). WM793 melanoma cells were relatively more sensitive to SBI-0087702, whereas SBI-

0089410 elicited a less significant effect on the viability of all 4 cell lines. 

 

Supplementary Figure S5. Mitochondrial potential changes induced by SBI-0089410 or SBI-

0087702 in melanoma cells. 

UACC903 cells were treated for 24 h with DMSO, 10 µM each of hits 1, 2, 4, for 6 h with hit 3, 

or for 45 min with 50 µM CCCP (positive control that induces mitochondrial leakage). n > 

10,000 cells per condition. The histogram shows the ratios between the median values of 

TMRE/NAO uptake, which are indicative of relative changes in mitochondrial membrane 

potential per mitochondrial mass. 

 



Supplementary Figure S6. The effect of SBI-0089410 or SBI-0087702 on ATF2 

phosphorylation, PKC translocation and activation, and the viability of PLX4032-resistant 

melanoma cell lines. 

(A) SBI-0089410 or SBI-0087702 did not affect Erk, Akt or pan-PKC phosphorylation. 

UACC903 (upper) and WM793 (lower) cells were incubated in the presence of SBI-0087702 (10 

µM) or DMSO (0.5%) for 24 h or with SBI-0089410 (10 µM) for 6 h, prior to the addition of 

anisomycin (17 µM, 30 min). The cells were lysed in RIPA buffer supplemented with protease 

and phosphatase inhibitors and subjected to Western blot analysis. Similar effects were also seen 

in LU1206 cells (two bottom panels). (B) Short term (3 min) exposure to SBI-0087702 promotes 

PKC-membrane translocation. WM793 cells were incubated in the presence of 20 µM SBI-

0089410 (6 h) or SBI-0087702 (overnight) or vehicle (DMSO, 6 h) and subsequently with TPA 

(100 nM) for 3 min, washed in cold PBS, lysed in lysis buffer, and the membrane and cytosol 

fractions were isolated as in indicated in Figure 6. The different fractions were analyzed by 

Western blot using the antibodies indicated in the figure and bands intensities quantified with the 

LI-COR software. (C&D) SBI-0089410 prevents TPA-triggered membrane translocation of PKC 

isoforms. Histograms depicting the effect of hit compounds on the membrane association of 

different PKC isoforms. The immunoblots shown in Figure 6C were analyzed by densitometry 

using the LiCOR software, and actin was used as a loading control. (E) The inhibition of PKC 

membrane translocation by SBI-0089410 is dose- and time-dependent. Cells were incubated in 

the presence of 0, 10 or 20 µM SBI-0089410 for 1-6 h, then with 1, 10 and 100 nM TPA for 3 

min, before they were processed as in B-D. SBI-0089410 inhibited PKC translocation only when 

incubated for 6 h and this effect increased at higher concentrations and at lower TPA 

concentrations. (F) WM793cells were stably transfected with a secreted 3X Jun2 Gaussia 

Luciferase construct. The cells were then transiently transfected with pCMV-Cypridina luciferase 

(normalization control), followed by treatment with DMSO, 10 µM SBI-0089410, 10 μM SBI-

0087702, or with 10 μM PKCε translocation peptide inhibitor (PKCε-i). At the indicated time-



points (0, 1, 6, 24 h = T0, T1, T6, T24), Gaussia and Cypridina luciferase activities were 

measured, and Gaussia luciferase activity was normalized to Cypridina luciferase activity. The 

graph in (F) represents the mean Jun2-luciferase activities ± S.D. relative to DMSO of 3 replicate 

experiments. (G) UACC903 cells were transfected with 3X TRE Gaussia and pCMV Cypridina 

Luciferase constructs, and luciferase activities were measured and normalized as in (F). 

UACC903 cells were transfected with HSRE- (H) or AR- (I) firefly luciferase constructs and 

pCMV-Cypridina luciferase, followed by treatment with DMSO, 10 µM SBI-0089410 (for 6 h), 

10 μM SBI-0087702 (for 24 h), or with 10 μM PKCε translocation peptide inhibitor (PKCε-i, for 

24 h). Firefly luciferase activities were measured and normalized as in (F). SBI-0087702 (SBI-

702) and SBI-0089410 (SBI-410) effectively inhibit the growth and colony formation of mutant 

BRAF-inhibitor Plexxikon 4032 (PLX)-resistant melanoma cell lines. PLX-resistant melanoma 

cell lines were obtained by culturing 501Mel or UACC903 cells in progressively increasing 

concentrations of PLX (maintained at a final concentration of 20 µM PLX; data not shown). (J) 

PLX-resistant (PLXR) 501Mel and UACC903 cells were plated in 96-well plates and incubated 

with the indicated compounds (10 µM final concentration) or vehicle (DMSO) in the presence of 

2 µM PLX for 3 days prior to the measurement of cell viability using the ATPlite assay 

(Promega). Both compounds effectively inhibited the viability of PLX-resistant cell lines (P < 

0.05), although the effect of SBI-0087702 was stronger. The histogram summarizes the combined 

data from two independent experiments, in which each condition was measured in five replicate 

wells. (K) SBI-0087702 (SBI-702) and SBI-0089410 (SBI-410) inhibit the colony formation of 

PLX-resistant cell lines. 501Mel-PLXR cells were plated at low density (500 cells/well in 6-well 

plates) and cultured as in (K). The number of colonies that formed after 7 days in culture was 

determined by crystal violet staining. The histogram shows a quantification of the results from 

triplicate wells of 501Mel cells (P < 0.05). Similar results were obtained in PLX resistant 

UACC903 cells.  
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